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Analysing and assessing semiconductor materials and components is of vital importance to the semi- 
conductor industry, yet it is often difficult to find information about the techniques that lie behind these 
critical processes. This month 1/LVs Review begins a comprehensive series of articles to fill this gap. 
S 
ince its very beginnings, III-V3 
Review has presented its read- 
ers with articles covering 
virtually every aspect of the com- 
pound semiconductor field. One 
topic that has received less cover- 
age than most, however, is semi- 
conductor assessment. Part of the 
reason behind this is that there are 
so many approaches to semicon- 
ductor assessment and analysis 
that just one article is of little use, 
while contributing a whole series 
of articles requires considerable 
dedication. 
It is becoming increasingly diffi- 
cult for those involved with the 
semiconductor industry to keep 
up to date with the techniques and 
methods that fall outside the ones 
that they use on a day to day basis. 
In keeping with this belief that no- 
body can be an expert at every- 
thing, this series of articles on 
assessment and analysis will lntro- 
duce semiconductor workers to a 
wide range of assessment tech- 
niques in general use around the 
world. It is our aim to present each 
technique in a way that will make 
it easily digestible, using the mini- 
mum of jargon, the minimum of 
maths and the maximum of ‘gut 
understanding’. In each case, we 
will try to bring out the most im- 
portant aspects of the approach, 
give some comments as to its field 
of application, sensitivity and cost, 
and even say what the technique 
cannot do. 
This introductory article pre- 
sents an overview of the assess- 
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ment methods that will be covered 
in the series (although they may 
not appear in this order). 
What is this semicon- 
ductor? 
The identification of a bulk semi- 
conductor sample is normally as 
simple as reading the label on the 
box.The accurate assessment of an 
alloy, such as Al,,Ga$sI_~ is 
more difficult. Chemical an & sis 
(see next section) is often not an 
option because the sample is de- 
stroyed in the process. In general, 
there are two accurate, non- 
destructive methods which, for the 
case of quaternary alloys, must be 
used together to provide unam- 
biguous values of x and y. These 
methods are (i) bandgap determi- 
nation, and; (ii) lattice parameter 
measurement. 
Each gives a range of values for 
x and y, but only one x and one y 
value is consistent with both. 
(i) Bandgap determination: For 
bulk samples (and, therefore, of lit- 
tle use for ternaries and quaternar- 
ies which are almost always in the 
form of thin epitaxiaky grown layers) 
optical absorption near the band- 
edge is simple and accurate. If the 
epllayer is grown on a substrate of 
larger Eg, this technique may still 
be useful. If not, luminescence is 
often the preferred technique. The 
use of luminescence for doing a 
similar job in the determination of 
the effective bandgap of quantum 
wells will also be presented. 
(@Lattice parameter dettmninu- 
tion: This is performed by double 
Figure 1. GaAs ingots and wafers provide a variety of assessment demands. 
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crystal x-ray diffractometry. 
Modern advances in this tech- 
nique, and especially in analytical 
software, to analyse the spectrum 
and allow sequential epilayers to 
be assessed has made this method 
of primary importance. 
The combination of these two 
approaches can give all the infor- 
mation required to give accurate 
values of x and y. They will be dis- 
cussed in early articles. 
Chemical analysis 
These are techniques used to iden- 
tify the chemical purity of a semi- 
conductor and can quantify the 
concentrations of impurities, at 
least to within a factor of two or 
so. As a rule they cannot tell you 
where a particular impurity is in 
the crystal or tell you whether it is 
active in an electrical sense, but at 
least they give a ball-park indica- 
tion as to whether you are working 
with reasonable material. 
We will concentrate on the two 
types of mass spectrometry most 
used for this type of work, sec- 
ondary ion mass spectrometry 
(SIMS) and glow discharge mass 
spectrometry (GDMS), both of 
which have sensitivities in the 
parts per billion range. SIMS is ap- 
plicable to bulk, ion implanted and 
epitaxial material. GDMS is more 
useful for bulk analysis. Each has 
application in host material analysis, 
as well as in determining concen- 
trations of dopants and uninten- 
tional impurities. Also, we will 
mention the technique of coulombic 
titration, a highly accurate tech- 
nique which has been used to 
evaluate the stoichiometry of bulk 
GaAs. 
Analysis of 
crystalline quality 
These techniques are used to 
assess the quality of crystalline 
structure of bulk, and homo- and 
hetero-structures. They give little 
or no information about the elec- 
trical quality of a sample. 
We will look at the analysis of 
rocking curves derived by double 
crystal X-ray diffractometry and 
transmission electron microscopy 
as both are used for bulk and epi- 
layer structural analysis. Of course, 
dislocations are important in these 
fields. We shall review etching 
methods to give this information 
and techniques like light scattering, 
tomography that gives rapid data 
on precipitate numbers. 
We will also look at methods to 
assess the surface of a semiconduc- 
Figure 2. The use of 1 
underlines the importance of inspection methods. 
tor under conditions of growth 
These include RHEED and Auger 
analysis, the former being especial- 
ly applicable to molecular beam 
epitaxy (MBE). 
Point defects 
Jn addition to their role in keeping 
PhD students occupied, point de- 
fects are often responsible for 
shortening the minority carrier 
lifetime in semiconductors.This re- 
sults in poor gain of bipolar transis- 
tors, and poor light output from 
LEDs and lasers. If they are mobile 
they can cause ageing effects. If 
they aggregate to produce precipi- 
tates, these can punch out disloca- 
tions with devastating results 
for high injection devices like 
lasers. 
There are many methods for de- 
tecting point defects, all of which 
can be regarded as primary or sec- 
ondary methods. Primary methods 
are those that give strong (and in 
some cases unambiguous) informa- 
tion as to the atomic structure of 
the defect. Secondary methods are 
often more simple to use, and in 
many cases are very sensitive, but 
they do not give the type of atomic 
information that allows identifica- 
tion to be made. In many cases, on- 
ly labels can be applied to the 
defect signal with the hope that 
primary methods can be used to 
reveal the defect. 
Primary methods: Classically the 
method most used is electron para- 
magnetic resonance (EPR), which 
is also known as electron spin res- 
onance (ESR). The application of 
EPR to silicon was so successful 
that most point defects in that ma- 
terial were identified 30 years ago. 
We will try to give a simple ac- 
count of this technique and its 
(rather limited) application to III-V 
materials. Readers may already 
know that the most important step 
in the identification of the ubiqui- 
tous EL2 centre in GaAs as the ar- 
senic antisite was made using ESR. 
More recently, the investigation 
of vacancies in crystalline solids in- 
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Figure 3. Microscopy continues to Lx? an important tool for semiconductor assessment. 
&ding GaAs has been gteady aided 
by positron ~annihilation spec- 
troscopy We will introduce this 
technique and show how it can be 
used to estimate vacancy levels in 
the gap. 
Secon&7y methods: If we choose 
to ignore some rather abstruse 
methods that have failed to find ap 
preciable application, this group is 
made up of optical and electronic 
techniques, many of which have 
been in use for several years. 
Optical methods can use either 
the absorption or the emission of 
light. The absorption of light can 
take place either by electronic or 
vibrational means, each giving in- 
formation about the chemical and 
structural nature of the point defect. 
Electronic absorption can be 
measured by looking at the absorp- 
tion or, even more sensitively in 
some cases, by looking at the re- 
sulting photoconductivity. In some 
instances, for example, electronic 
absorption can give incredibly sensi- 
tive data regarding the presence 
of individual acceptor species in 
relatively pure semiconductor 
samples. 
In terms of assessment, the im- 
portant form of vibrational absorp- 
tion is that resulting from localized 
vibrational modes, so called LVM 
absorption. This is a method of 
considerable power and is, in some 
cases, a primary technique. LVM 
can identify light atoms by their vi- 
brations within the lattice. In many 
cases the sites of the atoms and the 
symmetries of their positions 
can be found. The application of 
LYM absorption to lII-Vs, especially 
GaA% has been particularly 
successful. 
Luminescence takes place 
when excess carriers recombine 
and emit a fraction of their energy 
as lightThe different types of lumi- 
nescence experiment are typified 
by the way these excess carriers 
are produced. The emitted light 
can be passed through a spectrom- 
eter to reveal the photon energies 
produced and to aid analysis of the 
types of recombination that have 
taken place. 
We will introduce the different 
types of luminescence experiment 
in current use and the advantages 
and disadvantages of each. The 
Original applications of these tech- 
niques to investigate point defects 
has now been somewhat super- 
seded by their use in determining 
the properties of quantum 
wells. We will review these 
newer roles in addition to the older 
uses. - 
Electrical techniques are both 
quantitative and, in many cases, ex- 
tremely sensitive. 
We will start our tour of these 
methods with an old friend, the 
Hall Effect. We will review this 
powerful method but also point 
out its limitations. 
We will review the more recent 
capacitance-sensitive techniques, 
each of which relies on measuring 
the capacitance of a p/n, or similar, 
junction after a reverse bias has 
been applied. 
We will introduce the C/V and 
deep level transient spectroscopy 
(DLTS) methods. DLTS is a mystery 
to many workers. We will also men- 
tion carrier lifetime measurements. 
Summary 
As I mentioned in the introduc- 
tion, nobody can be an expert at all 
of the topics outlined above. The 
consequence of this that in the 
coming months a number of ex- 
perts in individual fields will help 
me put together what I hope will 
be a complete review of analytical 
techniques that have been applied 
to III-V materials. Some of these re- 
viewers have already contributed 
to the book, Properties of Gallium 
Arsenide, 3rd edition, recently 
published by INSPEC and they are, 
therefore, totally up to date with 
their subject. 
Also, noting that there are sever- 
al more II&V semiconductors than 
just GaAs, and that these require 
techniques that are sometimes spe- 
cific to that type of material, I 
invite readers who would like 
to suggest other topics to contact 
the editorial office of III-l3 
Review. 
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